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QUANTIFICATION OF THE DENTAL ARCH AND ITS USE IN ESTIMATING 
ANCESTRY 
MEGAN E. SHARPE 
ABSTRACT 
One role of forensic anthropologists is to create a biological profile to help 
identify remains.  This includes estimating ancestry.  Many morphological and metrical 
methods of ancestry estimation have been created and utilized.  This study was aimed at 
created a simple, metrical analysis of dental arch size and shape to aid in ancestry 
estimation.  Maximum length and width of over 700 dental casts (both maxillary and 
mandibular) were recorded and statistically analyzed by one-way ANOVA.  
Measurements were taken using points on teeth rather than on the fragile bone of the 
maxilla and mandible.  It was found that ancestry does affect the size of the maxillary 
arch but not the mandibular one, but discriminant function analysis showed that ancestry 
estimation is not possible with the present set of data for either the maxilla or the 
mandible.  Further research will need to be conducted with larger sample sizes of certain 
populations in order to improve ancestry estimation using this method. 
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CHAPTER 1:  INTRODUCTION 
 
Alongside bone trauma evaluation and taphonomy, the biological profile is a 
critical anthropological contribution to the medico-legal death investigation of 
decomposed, mutilated, and skeletal remains and often includes estimates of ancestry 
(Hefner 2009; L’Abbé et al. 2011; Klales and Kenyhercz 2015).  Both metric and non-
metric traits have been used for ancestry estimation, and researchers now have a suite of 
methodological approaches to consider.  Metric assessments primarily utilizing 
FORDISC (Jantz and Ousley 2005) examine both cranial and postcranial remains, and 
macromorphoscopic approaches have been developed for estimating ancestry from both 
cranial and dental remains (Hefner 2009; Jantz and Ousley 2005). 
Estimating ancestry from dental and oro-facial morphology has been long studied 
in forensic anthropology (Edgar 2013; Alsoleihat 2013; Berg and Ta’ala 2015; Brook et 
al. 2009; Gill 1998; Gill and Rhine 1990; Hanihara and Ishida 2005; Kelley and Larsen 
1991; Kenyhercz et al. 2014; Irish and Nelson 2008; Pilloud et al. 2014).  Though not in-
depth or quantified, dental arch shape and oro-facial characteristics may be useful in 
ancestry estimation.  Gill (1998) demonstrated the investigative utility of subtle nuances 
of maxillary arch shape and ancestry.  Recently, metric dental arch analyses have also 
been conducted (Maier 2013; Clark et al. 2016) utilizing an expensive technology: Maier 
(2013) using MicroscribeTM digitizing, and Clark and coworkers (2016), a NextEngine 
3D scanner.  Many forensic anthropologists do not have access to this technology, 
making a simpler, more accessible method, available.  In addition, using the mandible on 
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its own to estimate ancestry has not been studied in depth.  Recently, Berg and 
Kenyhercz (2017) created a program similar to FORDISC called (hu)MANid which can 
be used to estimate aspects of the biological profile such as sex and ancestry.  
Quantification and statistical validation of arch shape may allow development and 
acceptance for standardization and use to satisfy Daubert v. Merrell Dow 
Pharmaceuticals (No. 92-102 509 US 579, 1993) criteria and admissibility (Komar and 
Buikstra 2008).  It is hypothesized that the length to width ratio of the maxillary and 
mandibular arches is affected by ancestry, and simple, replicable dental arch metrics will 
be able to predict ancestry. 
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CHAPTER 2:  PREVIOUS RESEARCH 
Teeth have been one of the most studied aspects of the skull and skeleton for 
ancestry estimation.  Two recent studies by Edgar in 2013 and Pilloud et al. in 2014 
examined morphological and metrical aspects of teeth.  In 2013, Edgar looked to create 
regression formulae based on morphological characteristics of teeth to discriminate 
between European American, African American, and two Hispanic populations, which 
came from New Mexico and Southern Florida.  The author utilized the Arizona State 
University Dental Anthropology System, or ASUDAS, to score 29 characteristics on the 
teeth.  After scoring the dentitions of 549 individuals, a discriminant function was 
created.  European American and African American individuals were easily distinguished 
from the Hispanic populations, and discriminating between European American and 
African American populations resulted in over 80% accuracy.  Discrimination was not as 
accurate between Hispanic populations. 
In 2014, Pilloud and colleagues measured the teeth of over 5,600 individuals from 
11 different regional groups.  Measurements were taken on all teeth from one side of each 
arch.  Size differences were found for the three general geographic areas studied – the 
African sample had the largest teeth, the European sample had the smallest, and the Asian 
sample had teeth of intermediate size.  A discriminant function was created for the 11 
different regional groups, which had about a 50% correct classification rate for cross-
validated groups.  When the 11 groups were divided by general geographic region, that 
is, Europe, Africa, and Asia, classification accuracy rose to 71.3%.  In addition, 
classification accuracy increased when sex was known. 
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Gill (1998) documented the morphology of the dental arch in three populations.  
The three ancestries and shapes he discussed were Native Americans as elliptic, Blacks as 
U-shaped, and Whites as parabolic.  Gill (1998) found frequencies of each shape among 
the groups, but he did not analyze his data statistically.  For example, he claimed that the 
U-shape was most commonly found in Black populations, with about 46% of Black 
palates having the hyperbolic shape.  However, according to Gill’s (1998) frequencies, 
this means 54% of Blacks have a different shape of palate.  In addition, later studies by 
Gill (YEAR) found that Polynesian populations also frequently presented the parabolic 
shape, which he had claimed was a White trait, but according to him the parabola was 
less “triangular” in shape than when it was found in Whites. 
Burris and Harris (1998) sought to identify race and sex from palate dimensions.  
Using a Black and White sample of dental casts, the authors photographed and digitized 
332 individuals.  Measurements were computer-generated between buccal cusp tips, and 
they measured length from the central incisors to the back of the palate, creating length to 
width ratios.  Burris and Harris (1998) found a greater size difference between Blacks 
and Whites than between males and females, and they found that Blacks had broader 
palates than Whites.  Without sex estimation, classification accuracy was less than 50 
percent.  When accounting for sex, classification accuracies rose to the 80s for ancestry. 
Metrical analyses of the maxillary and mandibular arches have been conducted 
for clinical purposes by many researchers.  Three such studies were conducted by 
Ferrario and colleagues (1994a, 1994b) and later by Ardzijauskaitė (2009).  All studies 
utilized White populations and worked to fit mathematical functions onto the arch.  
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Ferrario et al. (1994a) tested 2 types of formulae and found that a mixed parabola-
elliptical equation was the best fit for arch shape, and they found that there was slight 
sexual dimorphism for both maxillae and mandibles.  Later, Ardzijauskaitė (2009) 
digitized casts using a Dental Designer scanner in order to fit equations to the maxillary 
arch.  The author tested 4 different types equations: polynomial, parabola, catenary, and 
beta.  It was found that parabolic functions best fit the dental arch shape.  This parabolic 
function fits with Gill’s (1998) previous claim of a parabolic shape for White 
populations. 
Maier (2013) conducted a study of palate shape and depth with a primarily Black 
and White sample of historic and modern populations.  The sample also consisted of 
Hispanic, Asian, and Native American individuals, but in low numbers.  He digitized 376 
skulls using a Microscribe and fit shapes into the maxillary arch.  When testing his 
equations and shapes, Maier (2013) found only a 58% accuracy in ancestry estimation 
when using both the historic and modern samples.  When using only the historic sample, 
he found a 61% accuracy.  In a preliminary study of palate depth compared to ancestry, 
Maier (2013) found that there were significant differences in depth, especially for 
Hispanics versus the other ancestries. 
Most recently, Clark and colleagues (2016) tested Gill’s (1998) methodology 
against NextEngine 3D scanning technology for shape analysis and ancestry estimation.  
Using a sample of dental casts, master’s students at The Ohio State University assigned 
shape and ancestry to 28 individuals using Gill’s (1998) methodology.  The correct 
classification accuracies were low, from 21.43% to 60.71% for ancestry and 25% to 
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57.14% for shape.  Next, the authors digitized 157 casts using a NextEngine 3D scanner.  
This sample came from two ancestral groups: the Gullah, a West African population and 
the Seminole, a Native American population.  Nine landmarks were utilized on each cast 
for shape analysis as seen in this photo.  Using discriminant function analysis, correct 
classification was 67.7% for the original grouped cases and 62% for cross-validation.  
The authors found that the largest differences existed within groups, not between groups.   
The mandible has been subject to much less shape analysis than the maxilla.  
Using standard measurements, Berg and Kenyhercz (2017) developed a web-based 
system called (hu)MANid utilizing two types of discriminant function analysis in order to 
estimate sex and ancestry from the mandible, working in a way similar to FORDISC.  
Eleven metric variables and six morphoscopic variables can be input in their program. 
Metric variables are the standard measurements such as chin height and breadth of the 
mandibular body, and the morphoscopic variables are based on traditional traits with 
varying degrees of expression.  Currently, classification accuracies are between 60 and 70 
percent, but the authors are accepting data from other researchers to add to their sample 
database. 
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CHAPTER 3:  MATERIALS AND METHODS 
 
The James K. Economides orthodontic collection housed at the University of New 
Mexico was utilized for this study.  This collection consists of 5,600 orthodontic casts 
from European-American, African-American, Asian-American, Hispanic, and Native-
American ancestry.  For this study, only casts of 16-year-olds and older were measured.  
By age 16, most individuals have the permanent dentition, excluding third molars, 
necessary for measurement (Scheuer and Black 2000). 
University of New Mexico anthropologists estimated the ancestry from the casts.  
From the unknown casts, only those estimated to be of one ancestry were utilized.  That 
is, some individuals were estimated to be both European-American and Hispanic-
American, for example; in such cases, the casts were not examined.  Other casts excluded 
from study were those with antemortem tooth loss.  Antemortem tooth loss causes 
alveolar resorption, and it is possible for teeth to drift from their original position, 
changing the shape of the arch.  After removing casts of individuals <16 years of age, 
casts estimated to be of more than one ancestry, and casts with antemortem tooth loss, the 
total sample used was n=705, including n=704 maxillae and n=693 mandibles.  The full 
sample is listed in Table 1. 
For each matching maxillary and mandibular cast, two measurements were taken 
(see Figure 1): 1) the maximum width between the distobuccal cusps of the second 
molars and 2) the distance from most anterior aspect of the dental arch to the transverse 
plane created in #1 (maximum length).  The location of the points in the arch was chosen 
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for the maxilla as they are located near the traditional cranial landmarks prosthion, 
ectomolare, and alveolon; the matching points on the mandible were also used.  Due to 
time restraints, these were the only measurements taken on each cast.  The ratio of length 
to width, the mean ratio, and the standard deviation for each ancestry are in Table 1.  
Every tenth cast was re-measured at the end of each day to test observer reliability and at 
the end of the study, inter-observer measurements were made on this same select sample.   
Intra-class coefficient values and Cronbach’s Alpha were calculated to determine 
reliability of intra- and inter-observer measurements.  A one-way ANOVA was 
performed for maxillary and mandibular maximum length (ML) to maximum width 
(MW) ratios against ancestry and sex using IBM SPSS 20 (SPSS Inc., Chicago, IL).  A 
discriminant function was created for the data as well and cross-validated with SPSS. 
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CHAPTER 4:  RESULTS 
 
The observer reliability was analyzed using SPSS.  Due to clerical errors, a few 
measurements were missed in trial 2.  Therefore, the sample sizes are not equal for each 
trial.  However, the lowest sample is n=66, which is well above the recommended n=30 
for a statistically significant sample.  The difference in sample size between maxillae and 
mandibles is due to missing teeth in one arcades, e.g., a maxillary cast may have been 
missing the left and right fourth premolars, but its accompanying mandible had all teeth. 
The intra-class coefficient (ICC) was calculated for both intra-observer and inter-
observer measurements.  Intra- and inter-observer error was independently calculated for 
maxillae, mandibles, and all measurements combined. 
 With a 95% confidence interval, the ICC was 0.981 for maxillary intra-observer 
measurements.  This high value means there is a reliability between the separate 
measurement trials.  For intra-observer mandibular measurements, the ICC was 0.948, 
which is high enough to be considered reliable.  Combining maxillary and mandibular 
measurements resulted in an ICC of 0.966.  Inter-observer measurements resulted overall 
in slightly lower ICC values.  For maxillary measurements, the ICC was 0.903.  For 
mandibular measurements, 0.940.  Combining the measurements into one large data set 
again, the ICC came to 0.924.  In addition to high ICC values, Cronbach’s Alpha is high 
for all measurements.  A full table can be found in Table 2.  
The one-way ANOVA was conducted through SPSS with ancestry, independent, 
and the ratio of maximum length (ML) to maximum width (MW) of the maxilla, 
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dependent.  With a 95% confidence interval, ANOVA revealed that ancestry does affect 
the ML to MW ratio with p=0.004.  Total maxillae ANOVA results is presented in Table 
3. 
The same test was performed for each mandible and ancestry with the 
independent variable as ancestry and dependent variable as the ML to MW ratio.  Here, 
the results were insignificant, with p=0.080 (Table 4).  One-way ANOVAs were also 
performed for maxillary and mandibular ML:MW as the dependent variable and sex as 
the independent variable with a 95% confidence interval.  This led to a result where 
p>0.005. 
Discriminant function was used to analyze classification accuracies using the 
maxillary measurements.  The ML measurements, MW measurements, and ML:MW 
ratio were all used to create the function.  The data set (n=705) included only individuals 
on whom both measurements could be taken.  Discriminant function analysis correctly 
classified 61.8% of the original groups.  Cross-validation correctly classified 61.6% of 
cases.  Using DFA, the predicted ancestry was European American for most cases.  Full 
DFA results can be found in Table 5.  
Due to the low sample size for the African American and Asian American 
populations, the DFA was re-run using only European American, Hispanic, and Native 
American data.  Classification accuracy increased to 65.4% for the original groups and 
65.1% for the cross-validation; however, most cases were once again classified as 
European American (Table 6).   
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While a one-way ANOVA showed that ancestry did not affect mandibular 
measurements, DFA was conducted on the mandible cases in case ancestry could be 
predicted in this way.  Classification accuracies were slightly higher than for maxillary 
measurements, with original groups being correctly classified in 62.4% of cases and 
cross-validation correctly classifying 62.4% of cases (Table 7).  The DFA was re-run 
again using only European American, Hispanic, and Native American data, as with the 
maxillary cases.  Original groups were correctly classified in 66.3% of cases and cross-
validated groups were correctly classified in 65.8% of cases (Table 8).  Once again, for 
both the first group of populations and the second, modified group of populations, most 
cases were classified as European American. 
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CHAPTER 5:  DISCUSSION AND CONCLUSIONS 
 
Studies focusing purely on dental morphology have demonstrated that teeth are an 
asset in ancestry estimation (Edgar 2005; Edgar 2013; Pilloud et al. 2014; Scott and 
Turner 1991).  Yet, high(er) attrition diets, or age, obliterating occlusal characteristics or 
fragmented/mutilated remains, not to mention edentulism, render possible ancestral 
assignments, questionable.  Hence, dental arch size and shape can be used as a proxy for 
those tried-and-true dental morphological attributes. 
Initially, Gill (1998) outlined three basic arch shapes from a combined forensic 
and Native American sample that classified ancestry based upon recognition of 
hyperbolic, parabolic, and elliptic.  Gill deduced that African American tend toward a 
more hyperbolic or U-shaped arch; European Americans generally possess a more 
parabolic arch and Native Americans are characterized by an elliptic arch.  These 
morphoscopic features do not comply with Daubert standards.   For validation and 
standardization, quantification of the dental arch by ancestry must take place. 
For clinical orthodontic diagnoses, quantification of the dental arch was initially 
performed by Ferrario et al. (1994a, 1994b), followed by Braun et al. (1998), and 
Ardzijauskaitė (2009).  Ferrario and coworkers (1994a, 1994b) found that female curves 
were significantly smaller than male, yet overall shape was similar.  The parabolic 
function that was found to fit best into the maxillary arch by both Ferrario et al. (1994a) 
and Ardzijauskaitė (2009) supports Gill’s (1998) morphology of Whites – a parabola. 
 13 
Burris and Harris (1998) did not fit a curve to the arch; instead they measured the 
distance from buccal cusps on the right side of the arch to the identical cusps on the left 
in order to estimate ancestry.  They found a more significant breadth difference in 
African American maxillae compared to European Americans than in the maxillae 
breadth of males to females.  This finding is similar to the results presented in the present 
study, with African Americans having a different palate than European Americans, but 
males and females not being significantly different.  However, the palates of African 
Americans in the present study were found to have palates that are longer than they are 
wide rather than broad palates.  
This method for ancestry estimation focuses on measurements across and along 
the arches rather than standard cranial landmarks such as prosthion, ectomolare, and 
alveolon.  While tooth enamel is extremely durable and less subject to damage, the fragile 
bone around cranio-facial landmarks is vulnerable during peri-mortem trauma and is 
taphonomically unstable.  Therefore, utilizing teeth and measurements between teeth is 
essential in creating a biological profile. 
The results here show that the ratio of maximum length to maximum width of the 
maxilla varies by ancestry, while the ML:MW mandibular ratio is not affected by 
ancestry.  Also, sex does not alter the ML:MW ratio in either maxillae or the mandibles.  
However, trying to classify unknown remains using the discriminant function created in 
this study will most likely classify the remains as European American.  At this time, 
using DFA to classify remains based on maxillary length and width is not possible; larger 
samples of African American and Asian American populations will need to be included 
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to properly utilize DFA.  The methods utilized in this study have developed a statistical 
backing for morphoscopic traits rather than a mathematical equation to predict ancestry.  
Therefore, the hypothesis was only partially supported: the maxilla is affected by 
ancestry, but the mandible is not.  As previously stated, metrical analysis and 
discriminant function analyses cannot yet be used to estimate ancestry; rather the present 
study has supported previous morphological research conducted by Gill.   
The mean ratios for the maxillae of each population are relatively close.  Asian 
Americans have the smallest average ratio equal to about 0.727 and African Americans 
demonstrate the largest average ratio at about 0.806.  Smaller ratios indicate the palate is 
wider between the distobuccal (DB) cusps and shorter from the midpoint of the two 
central incisors to the transverse DB cusp dimension.  A larger ratio means less distance 
between the DB cusps on the second molars and a longer palate.  This means that Asian 
Americans have the widest palates and African Americans, the narrowest.  This 
approximately fits with Gill’s (1998) shapes; the hyperbolic, U-shape (African American) 
is longer than it is wide, while the elliptical shape is wider than it is long.  Unfortunately, 
these are the smallest samples, so larger-sample research is necessary to confirm these 
results.  European Americans, Hispanic, and Native Americans have relatively similar 
mean ratios for palatal length and width.  Differentiation of these three populations, and 
between all five populations, may rely on measurements taken at the midway point along 
the palate.  Future research should take this into consideration and determine the location 
along the plane of maximum length which provides the best point to approximate 
ancestry. 
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These results may be used to create an index like that created by Wescott (2005) 
for subtrochanteric shape of the femur, for example.  His index utilizes measurements 
taken on the subtrochanteric area of the femur to create a ratio which can be used to 
estimate ancestry using sectioning points.  Using the data from the present study, ratios 
less than or equal to 0.727 would be classified as Asian, ratios greater than or equal to 
0.806 would be classified as African American, and all those in between would be 
classified as European American, Hispanic, or Native American. 
Future research should implement the use of skulls instead of casts from an 
orthodontic practice.  When using skulls, postmortem tooth loss, short of perimortem 
trauma, would not affect the results as long as the second molars and central incisors are 
intact.  Antemortem tooth loss, other than the third molars, would of course affect the 
results given alveolar resorption and tooth drift.  Including a larger sample of African 
American or Asian American would be beneficial as the usable sample size for each of 
these populations was an unsatisfactory n=19.  Larger samples will allow DFA to be used 
to classify unknown remains into their correct ancestry. 
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APPENDIX A: Tables 
 
Table 1.  Range, Mean, Standard Deviation of Maximum Length to Maximum 
Width Ratios for Maxillae.  EA = European American, HA = Hispanic, BA = 
African American, AA = Asian American, NA = Native American. 
 
Ancestry N Minimum Maximum Mean Standard Deviation 
EA 439 .569218501 .936911102 .7495904054 .0671358787 
HA 164 .611468037 .912077295 .7556807074 .0579695280 
BA 19 .658169728 1.318524096 .8061315015 .1433739583 
AA 19 .559143076 .846167784 .7273782016 .0704691904 
NA 64 .569651741 .892338417 .7546249968 .0643252522 
 
Table 2.  Intraclass Coefficient and Cronbach’s Alpha Values for Observer 
Reliability. 
 
 N Intraclass Coefficient, 
single measures 
Cronbach’s Alpha 
Intraobserver, maxilla 66 .981 .990 
Intraobserver, mandible 67 .948 .973 
Interobserver, maxilla 68 .903 .949 
Interobserver, mandible 70 .940 .969 
Intraobserver, all values 133 .966 .983 
Interobserver, all values 138 .924 .960 
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Table 3.  ANOVA results for maxillary ML:MW. 
 Sum of Squares df Mean Square F Sig. 
Between Groups 0.072 4 0.18 3.903 0.004 
Within Groups 3.242 700 0.005   
Total 3.314 704    
 
Table 4.  ANOVA results for mandibular ML:MW. 
 Sum of Squares df Mean Square F Sig. 
Between Groups 0.042 4 0.011 2.097 .080 
Within Groups 3.459 689 0.005   
Total 3.501 693    
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Table 5.  Discriminant function analysis of maxillary measurements.  61.8% of 
original grouped cases correctly classified.  61.6% of cross-validated grouped cases 
correctly classified.  (EA = European American, HA = Hispanic, NA = Native 
American, BA = African American, AA = Asian American) 
 
   Predicted Group Membership  
  Ancestry EA HA NA BA AA Total 
Original Count EA 435 3 0 1 0 439 
  HA 164 0 0 0 0 164 
  NA 62 1 0 1 0 64 
  BA 15 3 0 1 0 19 
  AA 18 1 0 0 0 19 
 % EA 99.1 .7 0 .2 0 100.0 
  HA 100.0 .0 .0 .0 .0 100.0 
  NA 96.9 1.6 .0 1.6 .0 100.0 
  BA 78.9 15.8 .0 5.3 .0 100.0 
  AA 94.7 5.3 .0 .0 .0 100.0 
Cross- Validated Count EA 434 4 0 1 0 439 
  HA 164 0 0 0 0 164 
  NA 62 1 0 1 0 64 
  BA 15 3 0 0 1 19 
  AA 18 1 0 0 0 19 
 % EA 98.9 .9 0 .2 .0 100.0 
  HA 100.0 .0 .0 .0 .0 100.0 
  NA 96.9 1.6 .0 1.6 .0 100.0 
  BA 78.9 15.8 .0 .0 5.3 100.0 
  AA 94.7 5.3 .0 .0 .0 100.0 
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Table 6. Discriminant function analysis of maxillary measurements with only 
European American (EA), Hispanic (HA), and Native American (NA) data 
represented. 65.4% of original grouped cases correctly classified. 65.1% of cross-
validated grouped cases correctly classified. 
 
 
 
 
 
 
 
 
 
 
   Predicted Group Membership  
  Ancestry EA HA NA Total 
Original Count EA 436 3 0 439 
  HA 164 0 0 164 
  NA 63 1 0 64 
 % EA 99.3 .7 0 100.0 
  HA 100.0 .0 .0 100.0 
  NA 98.4 1.6 .0 100.0 
Cross- Validated Count EA 434 5 0 439 
  HA 164 0 0 164 
  NA 63 1 0 64 
 % EA 98.9 1.1 0 100.0 
  HA 100.0 .0 .0 100.0 
  NA 98.4 1.6 .0 100.0 
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Table 7.  Discriminant function analysis of mandibular measurements. 62.4% of 
original grouped cases correctly classified. 62.4% of cross-validated grouped cases 
correctly classified.  (EA = European American, HA = Hispanic, NA = Native 
American, BA = African American, AA = Asian American) 
 
   Predicted Group Membership  
  Ancestry EA HA NA BA AA Total 
Original Count EA 424 3 0 3 0 430 
  HA 145 4 0 3 1 153 
  NA 68 1 0 0 0 69 
  BA 16 1 0 4 0 21 
  AA 17 1 0 1 0 19 
 % EA 98.6 .7 0 .7 0 100.0 
  HA 94.8 2.6 .0 2.0 .7 100.0 
  NA 98.6 1.4 .0 .0 .0 100.0 
  BA 76.2 4.8 .0 19.0 .0 100.0 
  AA 89.5 5.3 .0 5.3 .0 100.0 
Cross- Validated Count EA 424 3 0 3 0 430 
  HA 145 4 0 3 1 153 
  NA 68 1 0 0 0 69 
  BA 16 1 0 4 0 21 
  AA 17 1 0 1 0 19 
 % EA 98.6 .7 0 .7 .0 100.0 
  HA 94.8 2.6 .0 2.0 .7 100.0 
  NA 98.6 1.4 .0 .0 .0 100.0 
  BA 76.2 4.8 .0 19.0 .0 100.0 
  AA 89.5 5.3 .0 5.3 .0 100.0 
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Table 8. Discriminant function analysis of mandibular measurements with only 
European American (EA), Hispanic (HA), and Native American (NA) data 
represented. 66.3% of original grouped cases correctly classified. 65.8% of cross-
validated grouped cases correctly classified. 
 
 																							 	
   Predicted Group Membership  
  Ancestry EA HA NA Total 
Original Count EA 422 8 0 430 
  HA 143 10 0 153 
  NA 67 2 0 69 
 % EA 98.1 1.9 0 100.0 
  HA 93.5 6.5 .0 100.0 
  NA 97.1 2.9 .0 100.0 
Cross- Validated Count EA 422 8 0 430 
  HA 146 7 0 153 
  NA 67 2 0 69 
 % EA 98.1 1.9 0 100.0 
  HA 95.4 4.6 .0 100.0 
  NA 97.1 2.9 .0 100.0 
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APPENDIX B: Figures 
	
 
Figure 1.  An example of a maxillary cast used in this study, with the maximum 
length and maximum width marked.  This cast was from an Asian American male. 	 	
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